Background: Because the x-ray property of patient longitudinal axis in area detector
| INTRODUCTION
The recently introduced area detector computed tomography (ADCT) scanner has multiple acquisition modes, [1] [2] [3] [4] [5] including a nonhelical volume-acquisition (NVA) mode. This mode, which utilizes a 160-mm-wide x-ray beam, is particularly useful in infants and small children for reducing the frequency of motion-related artifacts and the need for sedation. Compared with the helical acquisition mode, the NVA mode reduces the radiation dose owing to the lack of Zaxis overranging and decreased overbeaming effects. 5, 6 Modern ADCT scanners are equipped with features for modulation of radiation dose (tube current), such as automatic exposure control (AEC) 7, 8 and organ dose modulation (ODM). 9, 10 These techniques may be used to optimize radiation dose administered to patients.
The Z-axis (longitudinal) tube current modulation of AEC can be performed only in the helical acquisition mode; however, the 160-mm NVA mode cannot dynamically adjust the longitudinal radiation dose per one rotation.
Although the available evidence on the side effects of low dose radiation still remains a matter of discussion, it is generally believed that there is a linear-no threshold risk relationship; in addition, rapidly dividing cells are more sensitive to radiation; therefore, the risk of cancer from radiation exposure is higher in children compared to adults, with infants at the greatest risk 11 ; radiologists should consider minimizing the radiation dose administered to children.
The use of a wide x-ray beam fosters the angular dependence of the emitted spectrum of the x-ray tube, which is known as the heel effect; it is a systematic effect that is caused by the geometry of a rotating anode x-ray tube and known to cause inhomogeneous dose distributions. 12, 13 We inferred from this effect that an organ-absorbed dose was not constant along the long axis of the patient in the 160-mm NVA mode; furthermore, the effect is not managed in the clinical practice with the ADCT scanners. 5, 14 To the best of our knowledge, the longitudinal properties of the 160-mm x-ray beam for 256-and 320-row ADCT scanners have not been previously compared. Furthermore, the placement of the anode (or the cathode) of the x-ray tube in the gantry is not sufficiently provided in the specifications of the individual scanner. [15] [16] [17] Therefore, if the x-ray beam properties of respective ADCT scanners are revealed, we can reduce the radiation dose administered to the critical organs, such as eye lens, 18 during ADCT scan in the 160-mm NVA mode by applying the properties of the heel effect. In this study, we measured the longitudinal beam properties and contrast uniformity of 256-and 320-row ADCT scanners in the 160-mm NVA mode and provided useful datasets for the radiation dose reduction in ADCT examinations.
| MATERIALS AND METHODS

2.A | ADCT scanners
The following ADCT scanners were used in this study: Revolution CT (GE Medical Systems, Milwaukee WI, USA) and Aquilion ONE ViSION Edition (Canon Medical Systems, Tokyo, Japan). The Revolution CT scanner is equipped with 256 detector rows (256-row ADCT), and the Aquilion ONE ViSION Edition scanner is equipped with 320 detector rows (320-row ADCT). Both scanners can achieve a detector coverage of 160 mm in a single rotation at the isocenter of rotation (detector configuration: 256 × 0.625 mm for 256-row ADCT; 320 × 0.5 mm for 320-row ADCT).
2.B | Dosimeter systems
The following dosimeter systems were used in this study: Piranha 
2.C.2 | Beam quality
Effective energy of a poly-energetic x-ray beam is defined as energy equivalent to that of a mono-energetic photon beam, which yields the same HVL, and it is closely related to the organ-absorbed dose. 22 HVL is generally used as a practical value for assessing x-ray beam quality in the diagnostic field and can be measured using a high-purity aluminum filter and a dedicated ionization chamber. In addition, to verify the accuracy of the RTI Piranha method for HVL measurement, we compared the HVL results obtained using the RTI Piranha method with those obtained using the conventional method. 27 The conventional method was performed using a pencil ionization chamber (Victoreen Model 6000-200; Fluke, Cleveland, OH, USA) and an electrometer (Victoreen Model 8000 NERO mAx).
The ionizing dosimeter was previously calibrated at a laboratory diagnostic accuracy. However, the use of a wide x-ray beam fosters the angular dependence of the emitted spectrum of the x-ray beam (the heel effect) and causes inhomogeneous energy distributions along the long axis of the patient in CT.
To assess the effects of the 160-mm NVA mode on contrast enhanced head CT, we measured the longitudinal iodine contrast enhancement uniformity of CT numbers in individual ADCT scanners. A phantom was constructed using two plastic-circular cylinders with 2.4 and 7.3 mgI/ml iodinated solutions, which were implanted into a 150-mm cylindrical water bath phantom (Fig. 3) . The longitudinal contrast enhancement for individual ADCT scanners is shown in Fig. 5 . The CT numbers of 320-row ADCT scanner increased on the patient table side. Alternatively, the CT numbers of 256-row ADCT scanner were almost equal along longitudinal beam locations, and were independent of the heel effect as observed for 320-row ADCT scanner.
| DISCUSSION
Recent reviews report that lifetime cancer risk estimates for those exposed as children were uncertain and might be a factor of twothree times higher than estimates for a population exposed at all ages 11, 28 ; therefore, radiologists need to consider new approaches to decrease radiation risk.
The study results clearly demonstrated that the radiation dose on the anode side of the x-ray tube showed a decrease of approximately 40%-45% compared with that on the isocenter position in the respective ADCT scanners with 160-mm x-ray beams. Moreover, heel effect properties differed longitudinally throughout the x-ray beam. The decrease in the radiation dose in 256-and 320-row ADCT scanners was observed on the patient table side and gantry side respectively. Therefore, we deduced that the x-ray tube for T A B L E 1 Accuracy of half-value layer with two different measurement methods. Thus, as our presented data alone cannot be used to calculate the radiation dose administered to the critical organs, such eye lens; future studies should investigate the beam properties of in-plane (xy) and longitudinal (z) directions for all possible acquisition conditions.
| CONCLUSION
We have described the properties of 256-and 320-row ADCT scanners with 160-mm wide x-ray beam in the volume-acquisition mode.
Maximum radiation dose on the anode side of the x-ray tube showed approximately 40%-45% reduction compared with that on the isocenter position in the ADCT scanners with 160-mm x-ray beams; the heel effect properties longitudinally differed throughout the x-ray beam, and the decrease in the radiation dose in 256-and 320-row ADCT scanners was observed on the patient table side and gantry side respectively.
